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Introduction
Regarding the uplink NR DMRS design, the following agreements were made in the 3GPP RAN1#88 meeting [1]:
Agreements:
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
Agreements:
· Study further DMRS configuration(s) for CP-OFDM (DL&UL) and DMRS configuration(s) for DFT-s-OFDM (UL) for a given number of antenna ports, considering at least:
· DMRS pattern/position, multiplexing scheme, MU-MIMO (within CP-OFDM UEs, between CP-OFDM&DFT-s-OFDM UEs), etc.
· Whether or not to have the same number configuration(s) in DL and UL for CP-OFDM
· Possible frequency domain configurations considering:
· DMRS overhead 
· Channel estimation performance
· Possible time domain configurations assuming the following scenarios 
· Low, Medium, high, & very high mobility
· Carrier frequency
· Latency
In this contribution, based on the above agreements, we discuss considerations in designing NR uplink DMRS focusing on the common downlink/uplink DMRS design and PUSCH and DMRS multiplexing.
Discussions
Common DMRS design between downlink and uplink
As seen in the above agreement, supporting common DMRS structure for DL and UL is available at least for CP-OFDM. This is particularly advantageous for TDD where the channel characteristics such as channel coherence bandwidth, channel coherence time, and carrier frequency are almost the same for downlink and uplink. By sharing the common DMRS configuration between downlink and uplink, DMRS configuration overhead (i.e., feedback) can be reduced.
Further use case of common DMRS structure is the dynamic TDD where cross-link interference mitigation is needed. By letting the downlink DMRS and uplink DMRS be orthogonal each other, channel estimation can be done without interference, thereby improving cross-link interference mitigation performance [2]. This advantage can also be applied to DFT-s-OFDM as well as CP-OFDM.
Proposal 1: NR should support common downlink and uplink DMRS structure for DFT-s-OFDM as well as CP-OFDM.
Multiplexing between PUSCH and DMRS
The above discussed common downlink/uplink DMRS design for DFT-s-OFDM may encounter an issue of multiplexing between PUSCH and DMRS where DMRS is inserted within PUSCH region in a localized manner. The PUSCH and DMRS multiplexing can be done between the DFT and IDFT in the DFT-s-OFDM transmitter as seen in Figure 1. The uplink DMRS can be configured to be orthogonal to the downlink DMRS, e.g., by TDM, FDM, CDM, or allocating null subcarriers.
[image: ]
[bookmark: _Ref466046059]Figure 1. DFT-s-OFDM transmitter structure in which PUSCH and DMRS multiplexing is possible
Although the single carrier property is no longer valid due to the PUSCH and DMRS multiplexing, it is known that the PAPR increase due to the PUSCH and DMRS multiplexing is not significant [2]. Similar approaches are proposed by a number of companies including PTRS multiplexing [3][4][5].
Proposal 2: NR should support a mechanism to support multiplexing between PUSCH and DMRS when DFT-s-OFDM is used.
Conclusion
In this contribution, we discussed considerations in designing NR uplink DMRS focusing on the common downlink/uplink DMRS design and PUSCH and DMRS multiplexing. We proposed followings.
Proposal 1: NR should support common downlink and uplink DMRS structure for DFT-s-OFDM as well as CP-OFDM.
Proposal 2: NR should support a mechanism to support multiplexing between PUSCH and DMRS when DFT-s-OFDM is used.
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